Background: Cadmium, as industrial pollutants considered as one of the most toxic environmental and most harmful heavy metals, was able to induce severe injury in several tissues.
Background
Cadmium is widely spread in the environment and is considered the most toxic environmental and industrial pollutant. It is located in air, water, and nourishment (Joshi & Bose, 2002; Krichah et al., 2003; Tongliang, Yuling, Weidong, & Caiqiao, 2011) and is entered into soil and drinking water through agricultural and industrial activities. Cadmium also has highly soluble nature, so plants easily absorb and store it in crops for food and feed production (Sarwar et al., 2010) . Therefore, it is recorded as the most harmful heavy metal to humans and aquatic organisms (Cinar, 2003; Kaplan, Yildirim, Yildirim, & Cimen, 2011) .
Cadmium that is released into the air from hazardous waste sites or factories has resulted in impaired health, diarrhea, pain in stomach, lung damage, and infertility as well as fracture of bone (Singh, Chaudhary, Patni, & Sankhla, 2007) . The correlation between cadmium and cancer induction was proved by many studies (Flora & Pachauri, 2010; Joseph, 2009 ). Rats treated with cadmium at dose 3 mg/kg bw revealed severe histopathological alterations in the liver, kidney, lung, and testicular tissues with chromosomal aberrations (El-Refaiy & Eissa, 2013) . In addition, Ibrahim et al. (2018) stated that cadmium administration resulted in hepatic and renal damage as detected by histopathological investigations.
From many years, natural products have been used in medicine as pharmaceuticals (Lu, Williams, & Wang, 2009; Manly, Padmanabha, & Lowe, 2002) . These compounds are potential therapeutic agents against many diseases such as cancer, microbial infection, and inflammation. But, their low bioavailabilities make them less successful in clinical trials. Therefore, the therapeutic effect of natural products would be increased when used in nanoparticles form into its delivery system (Watkins, Wu, Zhang, Davis, & Xu, 2015) . Nanomaterial is a particle of size ranging between 1 and 100 nm as recorded by many studies (Auffan et al., 2009) .
In vitro and in vivo studies show that the bioavailability of natural products could be increased in nanoparticle forms. Also, materials in nanoparticles form have high capability to manipulate particles in order to target specific areas of the body and control the release of drugs (Watkins et al., 2015) .
Recently, chocolate is considered as one of the most popular food types and flavors in the world (Katz, Doughty, & Ali, 2011) . A solid chocolate consists of cocoa mass, sugar, additives, cocoa butter, lecithin, and flavonoids (Richter & Lannes, 2007) . Cocoa (cacao) is the dried and fully fermented fatty seed of the fruit of the cocoa tree (Katz et al., 2011) and is represented 25% from the weight of any types of chocolate. It also contains high value of three types of flavonoids: procyanidins, catechins, and epicatechins (Arts, Hollman, & Kromhout, 1999; Wollgast & Anklam, 2000) .
Flavonoids in chocolate have antimutagenic and antiproliferative effects on tumor cells through their antioxidant activity (Carnesecchi et al., 2002; Maskarinec, 2009; Weisburger, 2001) . Many clinical studies reported that flavonoids in cocoa have a beneficial effect in preventing cardiovascular diseases (Corti, Flammer, Hollenberg, & Luscher, 2009) . When a male waster consumed milk and semisweet, dark, and soy chocolate, the phenolic content and antioxidant activity are increased in the cerebral cortex, hippocampus, and cerebellum (Medeiros, Koslowsky, Farias, Funchal, & Dani, 2015) . Similarly, consumption of chocolate under emotional stress induced positive effects on mood (Nehlig, 2013) .
A number of cellular processes, such as cell proliferation, reproduction, immune function, and defense against free radicals, needed zinc as trace intracellular element (Powell, 2000) . Zinc is considered as the most important nutritional factor influencing the metabolism and the toxicity of heavy metals, such as cadmium, and is protecting cellular components from oxidation. It plays an important role as an antioxidant, and its deficiency can induce free radical and can increase oxidative damage (Bruno et al., 2007) . So, the present study aimed to evaluate the role of chocolate fortified with zinc nanoparticles in modulating hepatic and testicular toxicity induced by cadmium.
Methods

Experimental design
After a 1-week acclimatization period, the experimental animals were randomly divided into four groups, ten animals in each group as described in Table 1 . The selected dose of cadmium was chosen according to Paniagua-Castro, Escalona-Cardoso, Hernández-Navarro, Pérez-Pastén, and Chamorro-Cevallos, (2011), while nano-chocolate fortified with zinc was chosen according to the result of acute toxicity test, which estimated that safe dose of chocolate nanoparticles was lower than or equal to 4000 mg/kg.
The animals were sacrificed 24 h after cadmium administration, and both liver and testis tissues of all animals were collected for histopathological and histomorphometrical examinations. 
Materials Chemicals
Cadmium was purchased from Sigma-Aldrich Company (USA) and was dissolved in distilled water to prepare the used dose (1.5 mg/kg bw) that was freshly prepared before use according to Paniagua-Castro et al. (2011) . Nano-chocolate fortified with zinc was manufactured by nanotechnology and purchased in the form of powder (100 g) from Lemako Misr Company, 10th of Ramadan City, Egypt. It was dissolved in sterile deionized water to freshly prepare the desired dose (200 mg/kg bw, once), according to acute toxicity test of the study which estimated that safe dose of chocolate fortified with zinc was lower than or equal to 4000 mg/kg.
The particle shape and size were estimated by transmission electron microscope (TEM).TEM measurements were performed by dissolving a drop of colloid solution from specimen onto a 400 mesh copper grid coated with an amorphous carbon film. Then, the solvent was evaporated in air at room temperature. The average diameter of the chocolate fortified with zinc nanoparticles was determined from the diameter of 100 nanoparticles found in several arbitrarily chosen areas in enlarged microphotographs.
Model of animals
Forty male Swiss albino mice were used in this study which weighted 25-30 g and aged 9-12 weeks. Experimental animals were obtained from animal house of National Organization for Drug Control and Research (NODCAR), Egypt. They were acclimatized under house conditions (12-h lighting cycle and 25 ± 2°C temperatures) and were provided with free access to standard rodent chow and water.
All male Swiss albino mice were grouped and housed according to the guidelines of the institutional animal ethics committee of National Organization for Drug Control and Research (NODCAR) . In addition, all experimental procedures were conducted in accordance with the ethical standards and were approved by the Institutional Animal Care and Use Committee (IACUC) at National Organization for Drug Control and Research (NODCAR), Giza, Egypt.
Experimental procedures Acute toxicity test for chocolate nanoparticles
Safe dose for nano-chocolate fortified with zinc was calculated by acute toxic test. At the five dose levels, nano-chocolate fortified with zinc was administrated orally once into experimental animals, at doses 5000 mg/ kg bw, 4000 mg/kg bw, 3000 mg/kg bw, 2000 mg/kg bw, and 1000 mg/kg bw Then, the mortality, body weight, and clinical signs of animals were observed after 72 h of administration (Warheit et al., 2007) . The safe dose was found to be ≤ 4000 mg/kg body weight.
Histopathological and histomorphometrical examinations
Liver and testis organs were preserved in 10% formaldehyde fixative for 48 h, washed, dehydrated in ascending grades of alcohol, cleared in xylene and embedded in paraffin wax. Then, five micron thick paraffin sections were prepared, mounted on clean slides, and stained with Ehrlich's hematoxylin-eosin (Bancroft & Gamble, 2002) . Staining slides are examined under an Olympus microscope (BX41, Hamburg, Germany) and are photoed by Nikon camera for histopathological and histomorphometrical investigation.
Histomorphometrical analysis in hepatic tissues
The areas of the hepatocytes, nucleus of hepatocytes, and central veins were measured from randomly selected ten fields of liver sections stained with hematoxylin and eosin in all experimental groups (Bhadoria, Mahindra, Bahrioke, & Bhadoria, 2015) using J-image program. These parameters were measured from 50 random hepatocytes and 50 random central veins from five slides. In addition, the ratio of the nucleus/cytoplasm was also recorded in control and treated group.
Histomorphometrical analysis in testicular tissues
Ten readings of Leydig cells were recorded in ten fields using an objective lens of magnification × 40, i. e, of total magnification 400 (Gawish, Issa, Aziza, & Ramadan, 2010) . For measuring seminiferous tubule diameter, 90 round or nearly round cross-sections of seminiferous tubules were randomly chosen in each animal. Two perpendicular diameters of each cross-section of seminiferous tubules were measured at a magnification of × 40. Germinal epithelium height was measured in 4, equidistance of each cross-section of the seminiferous tubules using J-image program (Gholami, Ansari-Lari, & Khalili, 2015) .
Statistical analysis
Values were expressed as means ± standard deviation (SD) for five samples for each group. P value ≥ 0.05 was considered as statistically significant, while P values ≥ 0.001 were considered as highly significant. All statistics were carried out using the analysis of variance (ANOVA) and GraphPad Prism software 5.01 (La Jolla, CA, USA) to determine differences between group means and standards errors.
Results
Characterization of chocolate fortified with zinc nanoparticles
TEM image analysis has shown that the nano-chocolate fortified with zinc is spherical in shape and the average size is within the range of 32-65 nm in diameter. All nanoparticles have a rough surface and definite spherical shape (Fig. 1) .
Hepatic tissues Histopathological examination of hepatic tissues
Histopathological studies of hepatic sections from normal animals showed normal hepatic architecture. Hepatic tissues consisted of hepatic lobules, which consisted from cords of hepatic cells (hepatocyte) and radiated from the central vein to periphery of the lobule. Also, narrow blood sinusoids separated the cell of cords and are lined by both Kupffer cells and endothelial cells (Fig. 2a) . In contrast, hepatic sections from male mice treated with cadmium only showed hepatocyte with fatty change, scattered marked congested central vein, dilated congested portal vein, and proliferated bile duct compared to control-treated group (Fig. 2 b1) . Prominent areas of dense aggregation of inflammatory cells, few enucleated hepatocytes, and hepatocyte with pyknotic nucleus and vacuolated cytoplasm were also noticed. Scattered necrotic areas, hemorrhage, and edema were also seen in some areas ( Fig. 2b2 and b3) .
Microscopical examination of hepatic sections from animals treated only with nano-chocolate fortified with zinc revealed no histological changes and hepatic sections from animals treated with cadmium and nano-chocolate fortified with zinc treatment revealed amelioration in the histological lesions induced by cadmium alone. Nano-chocolate fortified with zinc restored the normal appearance of hepatocytes, central vein, and sinusoids compared to cadmium-treated group (Fig. 2d) . Table 2 and Fig. 3 showed a highly significant decrease in the mean area of hepatocyte, nucleus, and nuclear/cytoplasm ratio together with a highly significant increase in the area of central vein in cadmium-treated animals compared to normal animals. Although, treatment with cadmium and nano-chocolate fortified with zinc nanoparticles resulted in a highly significant increase in the observed decrease in the mean size of hepatocyte and nucleus and nuclear/cytoplasm ratio and a highly significant decrease in the observed increase in the area of central vein induced by cadmium compared with control-treated group.
Histomorphometrical analysis of hepatic tissues
Testicular tissues Histopathological examination of testicular tissues
Sections of testis from control mice revealed the normal architecture of seminiferous tubules; each seminiferous tubule has complete spermatogenesis, and its lumen has sperms (Fig. 4a) . However, most seminiferous tubules from male mice treated with cadmium only showed a marked reduction of spermatogenic layers, complete absence of sperms, and debris deposition in their lumen with hyaline degeneration. Widened interstitial areas with eosinophilia deposition, hemorrhage, congested blood vessels with thickened hyalinized wall, and disappearances of Leydig cells were observed in most areas compared to control-treated group (Fig. 4b1) . Spermatocyte of others seminiferous tubules showed vacuolar nucleus or pyknotic nucleus (Fig. 4b2) .
Histopathological examinations of sections of testis tissue from mice treated with nano-chocolate fortified with zinc nanoparticles only revealed normal structures of seminiferous tubules with normal appearance of spermatogenesis, sperms, and Leydig cells (Fig. 4c) . Also, testis section of animals treated with cadmium and nano-chocolate fortified with zinc showed marked improvement in the histological structure of most seminiferous tubules and in the interstitial spaces with the reappearance of the Leydig cells compared to cadmium-treated group (Fig. 4d) .
Histomorphometrical analysis of testicular tissues
Histomorphometrical studies of testicular tissues from male mice treated with cadmium (1.5 mg/kg, i.p.) resulted in a highly significant decrease in the number of Leydig cells, diameter of seminiferous tubule, and height of germinal epithelium in seminiferous tubule compared to the control-treated group. Administration of nano-chocolate fortified with zinc and cadmium resulted in modulation the toxicity of cadmium. Increase in the reduction of a number of the Leydig cells, seminiferous tubule diameter, and germinal epithelium height induced by cadmium to normal appearance compared with cadmium-treated group was also noticed (Table 3 and Fig. 5 ).
Discussion
Cadmium has a great degree of harmful effect to people (Jomova & Valko, 2011; Nasiadek, Skrzypińska-Gawrysiak, Daragó, Zwierzyńska, & Kilanowicz, 2014) and has high mobility (Brozska, Borowska, & Tomczyk, 2016; Kah, Levy, & Brown, 2012 . People are exposed to cadmium through drinking water, food, cigarette smoke, beverages, welding, ambient air (Chargui et al., 2011; Jarup & Akesson, 2009; Tripathi & Srivastav, 2011) , mining, and manufacturing of batteries and pigments. Industrial activities, such as smelting and refining of metals, and municipal waste incineration also release cadmium into the atmosphere (Siu, Mruk, Porto, & Cheng, 2009) . Therefore, the aim of the present work was to evaluate the hepatic and testicular ameliorative effect of nano-chocolate fortified with zinc cadmium against the toxicity of cadmium in Swiss albino mice, using histopathological examination and histomorphometrical analysis. In this work, the histopathological examination of the hepatic tissues in animals treated with cadmium Gong et al., (2008) and Renugadevi and Prabu (2010) . This study also revealed that treatment with cadmium resulted in obvious changes in testicular tissues such as a marked reduction of spermatogenic layers, (2010)). The results were also in agreement with other studies (El-Refaiy & Eissa, 2013) , who reported that when the rats were exposed to cadmium (3 mg /kg bw), severe histopathological changes in the liver, kidney, lung, and testicular tissues were recorded. The observed hepatic and testicular toxicity of cadmium could be attributed to increase cadmium concentration in the tissues (Josthna, Geetharathan, Sujatha, & Deepika, 2012) . Previous studies reported that cadmium was accumulated in different tissues such as the lung, brain, testis, kidney, liver, blood system, and bone and caused severe damage to these tissues (Ercal, Gurer-Orhan, & Aykin-Burns, 2001 ). The same was proved by many studies that reported the accumulation of cadmium in different tissues causing metabolic, histological, and pathological changes that lead to chronic illnesses in humans, such as kidney diseases, cancer, diabetes, neurological diseases, bone diseases, and cardiovascular diseases (Fagerberg, Bergstrom, Boren, & Barregard, 2012; Li et al., 2016; Mates, Segura, Alonso, & Marquez, 2010; Navas-acien et al., 2009; Peters, Perlstein, Perry, Mcneely, & Weuve, 2010; Schwartz, Il'yasova, & Ivanova, 2003; Waalkes, 2003) . Depletion of antioxidant enzymes (as superoxide dismutase and catalase) and elevation of free radical species, oxidative stress, lipid peroxidation, and malondialdehyde could also be considered as another reason that explained the observed toxicity of cadmium (Babu, Rajmohan, Rajan, & Kumar, 2006; Ibrahim et al., 2018; Moitra, Brashier, & Sahu, 2014; Nemmiche, 2017; Renugadevi & Prabu, Ten animals were used in each group. Data are represented as mean ± SD Means with the same letter are not significantly different. *P < 0.05 is significant **P < 0.01 is highly significant 2010; Vasiljeva, Berzina, & Remeza, 2011; Vasiljeva, Smirnova, Basova, & Babarykin, 2018) . Cadmium induced oxidative damage to the cellular macromolecules and cellular structures (Curcic et al., 2014; Rahman et al., 2017) . On another hand, treatment with cadmium and nano-chocolate fortified with zinc improved histopathological lesions and morphometrical changes in the hepatic and testicular tissues induced by cadmium.
It restored area of hepatocyte (48.59 ± 4.219), nucleus (11.11 ± 1.51), nuclear/cytoplasm ratio (27.89 ± 2.88), and central vein (98.42 ± 17.27) to normal means (49.85 ± 4.533, 10.61 ± 2.097, 25.28 ± 3.47, and 92.18 ± 12.45 ; P < 0.05) compared to the cadmium-treated group (22.924 ± 1.6, 2.88 ± 0.613, 15.75 ± 2.56, and 346.07 ± 49.07); these agreed with Aidoo et al. (2012) . Decreases in the Leydig cell number (10.6 ± 2.039), seminiferous tubule diameter (2.709), and germinal epithelium height (0.758 ± 0.112) in seminiferous tubule induced by cadmium (0.8 ± 0.374, 1.489 ± 0.136, and 0.371 ± 0.027) were abated by the nano-chocolate fortified with zinc compared to the control-treated group (10. ± 2.121; 2.697 and 0.748 ± 0.107; P < 0.05). These observed modulation effects of nano-chocolate fortified with zinc could be attributed to the combination of several different mechanisms including antioxidant activity, anti-inflammatory properties, and direct scavenging of free radicals as recorded by Aidoo et al. (2012); Matović, Buha, Bulat, and Dukić-Ćosić (2011); Kostecka-Sochoń et al., (2018) ; Medeiros et al. (2015) ; Oteiza (2012); and Vinson et al. (2006) .
When used, the chocolate in nanoparticle form enhanced its nutritional properties and improved its total phenolic content and antioxidant activity without remarkable changes in its fineness and melting profile properties (Rahadian, Saputro, Rottiers, de Walle, & Dewettinck, 2018) . Recently, a lot of research investigated nanoparticles for numerous medical applications. Nanoparticles are used as a potential delivery method for diagnostic and therapeutic agents and could be able to overcome certain biological and physical barriers where conventional therapies fail. Their particle size is typically between 100 and 300 nm (Hill & Li, 2017) and has a high surface area; these allowed interested agent to bound to their surface, allowing for the delivery of therapeutics that would be otherwise unstable, insoluble, or biologically inactivated under typical conditions (Arsalani et al., 2012; Hultman et al., 2008; Neuwelt, Hamilton, Varallyay, et al., 2009) .
Another reason for the beneficial effect of nano-chocolate fortified with zinc observed in the current study, due to antioxidant properties of zinc. Brzóska, Rogalska, and Kupraszewicz (2011) and Matović et al. (2011) reported that when zinc supply is increased in the tissues, the toxic effects of cadmium were reduced by zinc antagonistic activity towards toxic metal. Likewise, Brzóska, Rogalska, Galażyn-Sidorczuk, et al. (2007) ; Chasapis, Loutsidou, Spiliopoulou, and Stefanidou (2012); Jurczuk, Brzóska, Moniuszko-Jakoniuk, Gałażyn-Sidorczuk, and Kulikowska-Karpińska (2004); and Rogalska, Piłat--Marcinkiewicz, and Brzóska (2011) reported that zinc has antioxidant properties and efficient protection against many toxic effects of cadmium on the organism, including the damage of the kidneys, liver, and bones. Moreover, Kostecka-Sochoń and Dąbrowska, (2013) , stated that zinc administration can increase activity of both glutathione peroxidase and catalase and can reduce the H2O2 levels, this that confirming zinc's antioxidant effect.
Chocolate is widely consumed in the world and contains a high amount of phenolic compounds (Manach, Scalbert, Morand, Remesy, & Jimenez, 2004; Medeiros et al., 2015) . It consisted of cocoa liquor, cocoa butter, and sugar. Cocoa liquor has many bioactive compounds, and cocoa butter has fatty acids, while the nonfat cocoa solids have vitamins, minerals, fiber, and polyphenols (Katz et al., 2011) . Similarly, Medeiros et al. (2015) stated that different types of chocolate have high phenolic content and antioxidant activity in vitro and in vivo. They also, reported that addition of chocolate in the diet of the rats reduced lipid peroxidation and protein oxidation caused by hydrogen peroxide and increase superoxide dismutase in the cerebral cortex, hippocampus, and cerebellum of male Wistar. Dani, Oliboni, Agostini, et al. (2010) ; Duarte-Almeida, Dos Santos, Genovese, and Lajolo (2006); and Spada, Souza, Dani, et al. (2009) reported also that phenolic compounds have antioxidant capacity and have the ability to delay the rate of oxidation by the inhibition of reactive oxygen species.
Cocoa has been used for centuries as a medicine to combat inflammation, pain, and numerous ailments (Dillinger et al., 2000) . Moreover, the consumption of cocoa powder enhances the antioxidant capacity of plasma and decreases the content of lipid oxidation products in human and rat plasma (Baba, Osakabe, Natsume, et al., 2000) . Cocoa has many polyphenolic compounds, especially flavonoids-specifically flavanols, also called flavan-3-ols (Buijsse, Weikert, Drogan, Bergmann, & Boeing, 2010) . It also contains methylxanthine compounds (theobromine), caffeine, as an antioxidant product (Katz et al., 2011) .
Main flavanols in cocoa are epicatechin, catechin, and procyanidins (Katz et al., 2011) . Ramiro-Puig and Castell (2009) recorded that procyanidins are responsible for the majority of antioxidant activity in cocoa products. They also reported that procyanidins prevent the growth of lung cancer cells of human in vitro and in vivo by inhibiting the prostaglandin E (2) and prostaglandin E (2) receptors. 
Conclusion
Ameliorative effect of Nano-chocolate fortified with zinc on the toxicity of cadmium was studied
The results of the current study showed that oral administration of nano-chocolate fortified with zinc ameliorated the hepatic histological lesions induced by cadmium alone and restored the normal appearance of hepatic structures. It also indicated the efficiency of nano-chocolate fortified with zinc to restore the original appearance of testicular tissue and to ameliorate the number of Leydig cells in male Swiss albino mice as indicated by histopathological and histomorphometrical examinations. The ameliorating effect of chocolate fortified with zinc nanoparticles against cadmium toxicity in hepatic and testicular tissues could be attributed to their antioxidant, anti-inflammatory, and scavenge free radicals properties.
